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Abstract 
 
This paper introduces two demonstration objects onto which various interior insulation systems made of woodfibre have been 
installed. Temperature and humidity sensors have been integrated in the respective constructions. Insulation systems adhered to 
the existing construction with clay mortar are compared to non-plastered insulation systems. The drying up process of the clay is 
of great interest. Additionally the functionality of woodfibre boards on earth-adjacent masonry is studied. Masonry samples give 
an indication of the existing construction’s moisture exposure. In conclusion, the insulation systems’ functionality will be 
assessed based on measurement results and possible risks of damage. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
Improving the energy efficiency of listed or protected buildings interior insulations have become more and more 
important during the last years. At the same time, new materials are being developed to take the constructions’ 
sustainability and durability into account. Besides economic interests, sustainability and long-term damage free 
systems are at the centre of the research work on the subject of interior insulation. Insulation materials made out of 
renewable raw materials play a significant role at this. The low Global Warming Potential (GWP) of these insulation 
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materials has a positive effect on a thermal renovation’s total energy balance. Woodfibre boards with different layer 
structures stand out due to very good thermal characteristics. Combined with vapour retarding layers such as glued- 
on gypsum fibre boards or clay plaster, moisture-tolerant and highly insulating interior insulation systems are 
formed. On the basis of two test buildings, four different interior insulation systems made out of woodfibre were 
tested on real objects. In the course of this, sensors to measure temperature and relative humidity were installed in 
the construction. The following analyses show the interior insulation systems’ functionality in practice. 
 
2. Investigated materials and versions 
 
Various woodfibre-based interior insulation composite panels were developed within the research project 
“WHISCERS. Whole House In-Situ Carbon & Emission Reduction Solution” [1], [2]. Materials and constructive 
aspects of four variants are explained subsequently. 
Classified in the thermal conductivity level WLS 040, woodfibre insulation shows good building physical values 
with respect to thermal behaviour, comparable with cellulose, mineral wool and most insulating materials based on 
polystyrene. With regard to the specific heat capacity of 2.1 kJ/(kg K), woodfibre is superior to mineral-based as 
well as polystyrene-based insulating materials. Due to the good Life Cycle Assessment over the whole lifetime, and 
not least due to the fact that the timber industry represents one of the largest industries in Austria, woodfibre boards 
were used as insulation layer of the composite element. Woodfibre is capable, due to the capillary-active properties, 
to transport possible occurrence of condensation from the boundary area between existing wall and internal 
insulation and to spread this moisture over a larger cross-section. In addition, the hygroscopic property of the 
material affects the indoor climate in a positive way. The provided woodfibre insulation board Pavatex-Pavadentro® 
includes a 1 mm diffusion-resistant mineral functional layer, but is still considered to be very diffusion-open with a 
water-vapour diffusion resistance of 5. 
To respond to the issue of possible cavities and resulting air gaps between insulation board and existing wall due 
to uneven masonry, a flexible material was needed for the contact layer of the compound panel to the wall, that 
should be capillary-active and diffusion-open, as well. Thus, a flexible wooden soft-fibre board of low density, 
usually used for insulating wood frame constructions or common rafter insulation was used for this purpose in the 
V2 variants. The V1 variant is conventionally fixed to the existing wall using the dot and dab method with (clay) 
mortar and therefore – depending on the condition of the existing wall – needs a levelling layer. 
Different possible materials for room-side completion of the insulation compound panel were  examined 
regarding hygrothermal behaviour, especially with respect to the heat storage characteristics, strength, and 
applicability. The four chosen room-side materials comprise clay mortar, clay dry-panel, gypsum fibre panel and 
wood wool panel. For the V2 variants, a pressure board of appropriate strength is needed for compensating the 
bumps of the existing wall by the flexible layer (see Fig. 1). V2-G contains a gypsum fibre board as room-side 
finish. The Fermacell Greenline® board used is diffusion open (µ = 13) and, due to its surface hardness (Brinell) of 
30 N/mm2, offers the possibility to fix the whole internal insulation system directly to the existing wall using 
(dowel-less) screws without an increased risk of punching shear of the screw heads. The bending stiffness of the 
plate is sufficient in order to keep the bending caused by the pointwise fixation to a minimum. In addition to its use 
as a pressure board, the gypsum fibre board is also considered as dry plaster and represents one of the few finishing- 
boards where a thin finishing coat is easily applicable, or just a (diffusion open) coloring, without any plaster. The 
other two variants combine the woodfibre insulation with a slab of clay or clay plaster, which have very good 
moisture-balancing and heat-storing properties. 
The wood wool board Heraklith M® used on the roomside in V1-H at a thickness of 8 mm has a specific heat 
capacity of 8.091 kJ/(m² K), whereas the gypsum fibre panel Fermacell Greenline achieves 15.813 kJ/(m² K) at a 
thickness of 12.5 mm, and the skim clay plaster Claytec – at a thickness of 3 mm – does reach a specific heat storage 
capacity of 5.400 kJ/(m² K), calculated using the simplified method of ÖN EN ISO 13786. 
To respond to the issue of suppressing thermal mass by decoupling the massive exterior walls from the interior 
through the insulating layer, panels with comparatively high thermal mass were developed. In comparison a 60 mm 
EPS Board with 6 mm gypsum plaster comes with just χ1 of 4.8 kJ/(m²K). 
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To instance one composite board, V2-G features a thermal resistance R = 2.22 m²K/W and an effective thermal 
capacity in relation to area at the inside χ1 = 26.28 kJ/(m² K) including the inner surface resistance. The service life 
based on the single components can be stated to 50 years minimum. 
 
V1-H V2-G 
is bonded to the existing wall by clay mortar. The panel 
consists of a woodfibre board with wood wool  as 
room- wise finishing. The prototype has no further 
finish, just diffusion open lime paint. 
 
 
Thermal resistance: 1.5 m²K/W 
Eff. thermal capacity inside: 20.0 kJ/(m²K) 
Area specific mass: 14.1 kg/m² 
is fixed by dowel-less screws. The panel consists of a 
flexible woodfibre layer, a woodfibre board and a gypsum 
fibre board as pressure plate. 
 
 
Thermal resistance: 2.2 m²K/W 
Eff. thermal capacity inside: 26.3 kJ/(m²K) 
Area specific mass: 27.0 kg/m² 
V2-L V2-P 
is fixed by dowel-less screws. The panel consists of a 
flexible woodfibre layer, a woodfibre board and a clay 
dry board as pressure plate. 
 
 
Thermal resistance: 2.2 m²K/W 
Eff. thermal capacity inside: 29.3 kJ/(m²K) * 
Area specific mass: 27,8 kg/m² 
* assumend 1.1kJ/(kgK) for c of clay board 
is fixed by insulation screws. The panel consists of a 
flexible woodfibre layer, a rigid woodfibre board of high 
density. It is finished with a clay plaster. 
 
 
Thermal resistance: 2.1 m²K/W 
Eff. thermal capacity inside: 19.5 kJ/(m²K) 
χ1 with 25mm Clay Plaster: 49.6 kJ/(m²K) 
Area specific mass: 19,3 kg/m² 
 
Regarding fire behaviour, woodfibre insulation can be 
classified as “normally flammable” (E), while gypsum fibre is 
“non-flammable” (A2) according to EN 13501-1 classification. 
But in case of fire, woodfibre insulation clearly contributes to 
fire resistance because of the high thermal capacity and the char 
layer. The component can reach a fire resistance class of REI 60 
due to the 12.5 mm gypsum fibre covering. It has a specific 
mass of 27 kg/m². 
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Fig. 1 Demonstration of the adjustment of the flexible wood fibre layer onto an uneven brick wall. 
 
3. Results of the measurements 
 
The insulation systems were tested on two test objects in an in-situ measurement. The trials on both buildings 
started in October 2013 and continue to this day. The measurement data introduced here refers to winter 2013/14. At 
all test objects sensors for measuring temperature and relative humidity were installed between the insulation 
material and the existing wall. 
 
3.1. Demo-object “Makartvilla” 
 
An interior insulation measure was implemented in a souterrain room with this demonstration object. The test 
room was chosen deliberately to examine the influence of wall moisture on the woodfibre insulation. The flooring is 
approx. 1 m beneath the external level which means the masonry in the lower wall area borders upon the soil. In the 
eaves plaster’s area, one can register obvious moisture damage, as a façade of the test room is oriented westward 
(see figure 2a). No damage was detectable on the inner surface. Nevertheless, examinations concerning the wall’s 
moisture content were made to be able to assess the possibility of installing interior insulation ex ante. 
 
a b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 (a) Façade of the test room; (b) two test walls in the souterrain test room. 
 
Depending on wall depth, different moisture contents were measured, whereby lower values of 2–8 m% were 
found in areas near the surface and values of up to 16 m% in deeper layers. This moisture distribution indicates low 
levels of ascending moisture resp. moisture strain from the outside. A problem with condensation, as can often be 
observed in souterrain flats or soil-touching cellars, could be ruled out in this room because of the low humidity due 
to office use. 
System V1-H was stuck to the existing wall with a layer of clay plaster 10-15mm in thickness. Sensor positions 
S 1 and S 2 are within the clay plaster between the existing wall and the interior insulation. With all-over bonding 
with the subsurface, no dowelling of the insulation boards with the wall would be necessary - but for reasons of 
safety each panel is additionally fixed to the existing wall by minimum 4 screws. The measurement data show the 
clay plaster’s drying up behaviour. Only seven months later does the relative humidity behind the interior insulation 
reach a constant level (see figure 3b). During this period, the room’s humidity is consistently below 40%. 
The temperature profile between insulation and existing wall (see figure 3a) follows the outside temperature in 
parts with a slight temporal offset being detectable. This is due to the surrounding soil which, as storage mass, 
contributes to inertia in temperature and moisture oscillations. 
S 1 S 2 S 4 
System V1-H 
System V2-G 
S 3 
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Fig. 3 (a) Temperature distribution at measurement points S1, S2, in the room and outside 
(b) Distribution of relative humidity at measurement points S1, S2 and in the room 
 
The clay plaster’s relatively long drying up process brings with it the danger of temporary mould growth. After 
the drying up is complete, the risk for mould, however, is very low as the clay plaster has a very low equilibrium 
moisture content, as described in Wegerer [3]. 
Insulation system V2-G is mounted to the existing wall using masonry screws without fastening the panels with 
glue. By pressing the flexible woodfibre mat to the wall, air spaces and a back flow of the insulation are prevented. 
The measurement results (see figure 4a and 4b) show the influence of the adjoining soil’s storage mass even more 
clearly in this cross section. While sensor S 3 is located within the masonry beneath the outside level, sensor S 4 is 
clearly atop, in outside wall’s area which is cold during winter. 
 
 
 
Fig. 4 (a) Temperature distribution at measurement points S 3, S 4, and in the room 
(b) Distribution of relative humidity at measurement points S 3, S 4, and in the room 
 
Despite the outside wall’s low moisture strain, the relative humidity between insulation and existing wall stays 
approximately constant at 50 %. A connection with the low relative humidity in the room and the diffusion-open 
insulation system suggests itself and can only be verified through a more detailed examination of the material’s 
parameters. 
 
3.2. Demo-object “Workers residential home” 
 
The second object is a workers’ residential home of Sedlak in Vienna. The building is a typical Viennese pre- 
WWII building. The outer walls consist of massive brick masonry. The storey ceilings are typical wooden beam 
ceilings. The building is used by construction workers as accommodation during the week. The climate in the rooms 
is relatively dry with singular peaks in humidity, as the rooms are aired very arbitrarily. 
 Paul Wegerer et al. /  Energy Procedia  78 ( 2015 )  1478 – 1483 1483
In this building various interior insulation systems were installed for testing reasons in various rooms in the 
course of the project „IDkonkret“ [4] sponsored by the FFG (Österreichische Forschungsförderungsgesellschaft). 
Among others, two woodfibre insulations (System V2-L und V2-P, see chapter 2) were examined. Both insulation 
systems were installed next to each other on an outer wall in  the  undisturbed  wall  area  (wall  thickness 
approx. 45 cm) as well as a parapet area (wall thickness approx. 30 cm). Thus, a more direct comparison of the 
insulations is possible. Measurements were made analogous to those in chapter 3.1 with sensors between the interior 
insulation and the existing wall. 
The measurement results of insulation system V2-L in figure 5 show the difference in temperature between wall 
and parapet area. The relative humidity in both measuring locations stays within the noncritical range. This is 
probably favoured by a radiator in the parapet’s area. 
 
 
 
Fig. 5 (a) Temperature distribution between wall and insulation, and in the room 
(b) Distribution of relative humidity between wall and insulation, and in the room 
 
4. Conclusions and lookout 
 
All four insulation systems tested worked damage-free on the respective existing constructions. Variant V1-H 
shows a low risk of mould fungus growth which, however, heavily depends on the contruction’s drying-up speed. 
Due to the high diffusion-openness of the insulation systems used and the low room humidity, ascending wall 
moisture can dry up unimpeded. It is planned to artificially humidify the rooms’ air in the further course of the 
measurements in order to analyse the connection between room climate and moisture conditions in the wall. 
To make such insulation systems calculable, the definition of the hygric material constants is being worked upon 
at present. For this purpose material tests are conducted. The aim is to make interior insulations made out of fibre 
insulation materials calculable through hygrothermal simulation. 
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